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Variable capacitance capacitor array. 







@ The invention provides a capacitor array for providing a variable capacitance, having respective 
switching elements (10, 11, 12) for switching each capacitor (20, 21, 22) in the array on and off, and 
means (8) for controlling switching of the switching elements to switch selected ones of the capacitors 
on, characterised in that the control means are arranged to co-operate with voltage generation means 
(7) so as to supply to a control electrode of each switching element for switching on a selected said 
capacitor a voltage which causes the impedance provided by said switching element to change between 
multiple levels. 
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VARIABLE CAPACITANCE CAPACITOR ARRAY 



This invention concerns a capacitor array 
arranged for providing a variable capacitance, and 
particularly a high accuracy temperature compensat- 
ing liquid crystal oscillator circuit having such a s 
capacitor array for adjusting the frequency of the 
oscillator output 

Japanese Laid Open Patent Application No. 62- 
76801 describes a temperature compensating liquid 
crystal oscillator circuit having a capacitor array, in 
which the output from a memory containing tempera- 
ture compensation data is converted into parallel form 
and is then given a large time co-efficient by a 
charge/discharge circuit for controlling the switching 
of capacitors into and out of the array. This arrange- 
ment attempts to Improve the purity of the oscillator 
output (C/N ratio). 

However, with currently available technology, it is 
difficult to fabricate charge/discharge circuits having 
large time co-efficients in a semi-conductor integrated 
circuit In addition, high level accuracy requires that 
each individual capacitor of the capacitor array 
becomes smaller, wherenjpon the number of capaci- 
tors is increased. With an increase in the number of 
capacitors, the parasitic capacitance of the switching 
elements relative to the capacitance of the capacitors 
attains a level that cannot be ignored, and the ratio of 
the capacitance of the capacitors and the parasitic 
capacitance of the switching elements becomes very 
small. As a result, it becomes difficult to adjust the 
oscillating frequency over a broad range. Further, if 
the number of capacitors is increased, the capacity of 
the memory for the temperature compensation data 
also has to be increased, which involves greater cost 

It is an object of the present invention, at least in 
its preferred form, to overcome such problems. 

According to the present invention, there is pro- 
vided a capacitor array for providing a variable capaci- 
tance, having respective switching elements for 
switching each capacitor in the array on and off, and 
means for controlling switching of the switching ele- 
ments to switch selected ones of the capacitors on, 
characterised in that the control means are arranged 
to co-operate with voltage generation means so as to 
supply to a control electrode of each switching ele- 
ment for switching on a selected said capacitor a volt- 
age which causes the impedance provided by said 
switching element to change between multiple levels. 

As a result of the above structure, semi-continu- 
ous switching of the switching elements between their 
on and off conditions (and hence intermediate im- 
pedance) may be attained. Therefore, the electrical 
potential of the capacitor electrodes will not make 
sudden changes and smooth capacitor switching Is 
possible* 

Advantageously, the capacitor array according to 



the invention requires little switching, but lias a sub- 
stantial on/off capacitance ratio. And, when employed 
in a temperature compensating liquid crystal oscillator 
circuit, the invention advantageously allows fine 
adjustment with only a small memory capacity. 

The invention is described further, by way of 
example, with reference to the accompanying draw- 
ings, in which 

Figure 1 is a block diagram showing a crystal 
oscillator circuit having a capacitor array for pro- 
viding a variable capacitance according to this 
invention ; 

Figure 2 is a circuit detail showing an equivalent 
circuit for the capacitor array of the crystal oscil- 
lator circuit of Figure 1 ; 

Figure 3 is a graph-showing the change trj equiv- 
alent capacitance in relation to the gate potential 
of a respective switching element ; and 
Figure 4 is a diagram showing a specific circuit 
example of the crystal oscillator circuit of Figure 
1. 

Figure 1 is a circuit diagram of a crystal oscillator 
circuit showing the use of a capacitor array for provi- 
ding a variable capacitance for stabilising the output 
of the oscillator. A specific example of the circuit is 
shown in Figure 4, wherein the same circuit elements 
have been given the same numbers. The example of 
Figure 4 is based on a semi-conductor integrated cir- 
cuit that uses complementary MOS (CMOS) transis- 
tors but the invention is not limited to such technology. 

As shown, the crystal oscillator circuit comprises 
a crystal vibrator 25 connected between the gate and 
the drain of an oscillation amplifier 27. In addition, 
connected to the drain line 28 are a fixed capacitor 23 
and a capacitor array comprising capacitors 20, 21 
and 22. The capacitors in the array are connected re- 
spectively with the ground by way of FET switches 1 0, 
11 and 12, which are arranged to be switched on and 
off via signals from a switching control circuit 8 so as 
to vary the overall capacitance value. Where this 
invention differs greatly from technology to date is in 
providing a number of electrical potentials through a 
D/A converter 7 to the gates of the FET switches 10, 
11 and 12 for controlling the associated capacitors. 

More especially, the output of a temperature sen- 
sor 1 passes through some sort of A/D converter 2 in 
order to obtain digitised temperature data The most 
significant bits 31 of the output of this A/D converter 

2 are input as an address signal to the memory circuit 
3, which stores temperature compensation data. The 
least significant bits 32 of the output of the A/D con- 
verter 2 are input to the D/A converter 7 through a 
reversing circuit 6. The output 33 of the memory circuit 

3 passes through a (BCD) decoder 4 and is provided 
to a linear converter 5. In order to reduce the amount 
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of memory capacity, the memory circuit 3 memorises 
the compensation data for each compensated tem- 
perature in binary code. In response to this data, 
selected outputs of the decoder 4 enter an active 
status. If, in the case of the decoder 4 or the linear con- 
verter 5, the output 33 Is equal to the output of the 
decoder 4 or the linear converter 5 in Figure 1 , that cir- 
cuit may be omitted. If a respective FET switch is 
directly turned on and off by means of the output of the 
decoder 4, it is necessary for the associated capacitor 
to take on a weighted capacitance value. However, 
the invention has been designed so that weighting 
control can take place even when a linear converter 
5 is employed and even If the capacitance of each 
capacitor in the array is equal. In this way, the total 
capacitance value of the capacitor array can be mini- 
mised and low level uniformity of switching noise and 
a greater degree of freedom of compensation become 
possible. 

The output of the D/A converter 7 is interpolated 
to an intermediate value of a range for providing com- 
pensation according to the output of the linear con- 
verter 4 through the switching control circuit 8. In this 
invention, when intermediate interpolation takes 
place, the result is that the FET-on resistance 
changes and this changes the CR time constant be- 
tween the drain line 28 and the ground. 

Referring now to Figure 4, signals DO, D1 and D2, 
signals dO and d1, and signals D/u correspond to the 
output 33, the output 32 and the output 34, respect- 
ively, in Figure 1. It is possible to increase and dec- 
rease the number of bits for the outputs 33 and 32. 

The switching of the capacitor array takes place 
on the basis of a combination of the output of the 3- 
b it-input decoder 4 and the output of the D/A converter 
7. The output of the decoder 4 is supplied to the linear 
converter 5, where conversion takes place so that the 
boundary between the capacitors in the array which 
are turned on and those which are turned off is always 
one that corresponds with the physical position of the 
respective capacitoMO, 11 or12in the array. In other 
words, a respective output of the decoder 4 will be L 
(and the others will be H) according to the inputs DO 
to D2 and, when this output is supplied to the linear 
converter 5 at a location in the figure corresponding 
to a particular capacitor at that boundary, that capaci- 
tor and the capacitor on the left will turn on (be con- 
nected to ground) and the capacitor on the right will 
turn off. 

As previously stated, the input of the decoder 4 is 
supplied from the temperature sensor 1 by way of the 
A/D converter 2. For example, the temperature sensor 
may be in the form of a crystal oscillator or a semi-con- 
ductor sensor whose output is passed through the A/D 
converter, which may comprise a voltage-frequency 
converter, for converting to a digital value. The most 
significant bets of the digital output of the converter 2 
are provided as the address signal 31 to the memory 



circuit 3 (ROM) in which the temperature compens- 
ation data has been stored. The least significant bits 
32 (dO and d1) are provided as the input of the D/A 
converter 7. Because the least significant bits 32 rep- 
s resent a secondary or a tertiary curve of the crystal 
vibrator temperature characteristics, in order to pro- 
vide a smooth compensation at the points of inflec- 
tion, it is necessary to reverse the sequence of the 
least significant bits. This is achieved by supplying the 
10 signals dO and d1 to the D/A converter 7 through the 
reversing circuit 6. The reverse control signal D/u sup- 
plied to the reversing circuit 6, which is composed of 
EX-OR gates 61 and 62, is obtained or calculated 
from the output of the memory circuit 3. 
15 In Figure 4, each of the circuits 4, 5 and 8 for con- 
trolling the capacitor array is formed as a plurality of 
regular circuit units, as indicated by the broken lines 
A, B and C. The unit B will be explained below. The 
switch control circuit 8, which is composed of control 
20 gates 84, 85 and 86 and transfer gates in the form of 
transistors 184, 185 and 186, receives the output of 
the decoder 4 and linear converter 5, composed of 
decoder 42 and gates 53 and 54, and controls the 
gate potential of the FET switch 11, which is an N- 
25 channel MOS transistor. The switch control circuit 8 is 
composed of the three transfer gates for transmitting 
the off electrical potential (ground), the on electrical 
potential (V,*) and an intermediate electrical potential 
VEE2 between the off potential and the on potential, 
30 and the control gates for these three transfer gates. 
When the output of the decoder 4 is L (active), the 
intermediate potential VEE2, which is provided by the 
D/A converter 7, is transferred. In the unit A on the left 
hand side of the unit B, the on electrical potential will 
35 be transferred by means of the transfer gate 181 . in 
the unit C on the right hand side, the off electrical 
potential, common ground, wfll be transferred by 
means of the transfer gate 188. 

As a result of this, and because the FET switches 
40 10, 11 and 12 operate as variable resistances m this 
invention, the equivalent circuit for each capacitor of 
the array becomes as shown in Figure 2. In this diag- 
ram, Cx is the parasitic capacitance of the associated 
switch, Rs is the FET switch resistance and CA is the 
45 capacitance of the relevant capacitor. Because the 
equivalent capacitance C seen from the drain line 28 
can be expressed as : 



50 



55 



CA x (Cx + ) 

Rs 
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CA + Cx + 



Rs 



and because for a FET gate potential Vg 
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1 

RS <C 

Vg 

the relationship shown in Figure 3 exists. 

Here, it is noteworthy that the equivalent capaci- 
tance C changes abruptly in the vicinity of the 
threshold voltage VTH of the FET switch. Therefore, 
if the FET switch is controlled with a simple time con- 
stant circuit, this will cause a sudden change in the 
equivalent capacitance C. The electrical potential of 
the drain line 28 will then change abruptly and switch- 
ing caused by capacitor coupling will be generated on 
the drain line 28, as described in Japanese Patent 
Application No. 62-76801. For this reason, in this 
invention, a gate voltage is generated in the region of 
the equivalent capacitance C shown in Figure 3 that 
undergoes the sudden change, using the D/A con- 
verter 7 in Figure 1. In Figure 4, a MOS transistor 161 
that has the same channel length as each of the FET 
switches is made to operate at a constant current with 
a voltage close to the threshold voltage. An electrical 
potential vO is used as its gate voltage and electrical 
potentials vl and v2, which are slightly higher, are 
generated from the electrical potential vO using pas- 
sive resistances 162 and 163, which are either dif- 
fused resistances or polysilicon resistances. A 
maximum electrical potential v3 is set to bs close to 
the power supply voltage Vcc. 

Electrical potentials vO to v3 are selected by 
analog switches 171 to 178 under the control of the 
D/A converter 7 and supplied to the respective trans- 
fer gates 183, 186 and 189 as intermediate electrical 
potentials VEE1 and VEE2. During the switching on 
of each FET switch 10, 11 and 12, the output of the 
D/A converter passes through four different states, in 
response to the different combinations of the signals 
dO and d1 supplied to the reversing circuit 6, Accord- 
ingly, the electrical potential VEE1 or VEE2 changes 
from vO to v3 in steps for switching the relevant FET 
switch on. Since the electrical potential vO to v3 are 
generated through high resistances, they are supplied 
to the gate of the FET switch with a large time constant 
and hence semi-continuous switching of the FET 
switch effectively occurs and the equivalent capaci- 
tance can change more smoothly. 

When the switching of the capacitor array shifts 
so that a FET switch, which has received the on elec- 
trical potential V ttl is to be turned off, the voltage 
VEE1 or VEE2 would change abruptly from v3 to vO. 
Thus, there could be a situation in which, for an 
instant, the gate potential of the FET switch is made 
to fluctuate wildly through the transfer gate 183, 186 
or 189. In order to prevent this, in the present inven- 
tion, two lines for the voltages VEE1 and VEE2 are 
provided and the D/A converter 7 and analog switches 
171 to 178 are divided into two voltage generating 



portions, one for generating a rising intermediate 
electrical potential and one for generating a falling 
intermediate electrical potential. Thus, the logic of the 
D/A converter 7 is configured so as to cause the inter- 
mediate electrical potential to change in steps on the 
one hand from vO to v3 and on the other hand from v3 
to vO. 

The testing of the described capacitor array 
switching circuit cannot generally be performed suffi- 
ciently with an LSI tester. However, in this invention, 
transfer gates 91 to 96, which are turned on and off 
by the output of the decoder 4 and the linear converter 
5 and a test signal TEST, are provided for each unit 
of the array so that the gate potential of the FET 
switches can be monitored from a monitor pin MO. 
Only those units for which the output of the decoder 
4 is active will be selected for output of the gate poten- 
tial at the MO pin. In this way, the operation of the cir- 
cuit that controls the FET switches Is definitely 
testable, allowing the realisation of a highly reliable 
capacitor array. 

As described above, because the capacitance of 
the capacitor array changes very smoothly, an oscil- 
lation circuit using the array will not suffer the sudden 
frequency fluctuations caused by switching, making it 
possible to provide an extremely pure oscillation out- 
put In addition, compared to other technology to date, 
high resolution fine adjacent may be realised because 
a significant reduction in the number of capacitors is 
possible while still giving a comparatively large 
capacitance. Thus, the ratio of parasitic capacitance 
Cx in Figure 2 can be reduced, allowing a wider range 
of frequencies for the oscillation circuit Moreover, the 
large area taken up by the capacitors on the surface 
of the semi-conductor integrated circuit can be 
reduced and the memory capacity needed for com- 
pensation can also be reduced, whereby the realis- 
ation of lower cost variable capacitance array 
integrated circuits is possible. 

In the described example, the capacitor array is 
on the output side of the oscillation amplifier. How- 
ever, it goes without saying that the array could be 
fabricated on the input side or both the Input side and 
the output side. In addition, the invention is not limited 
to oscillator circuits. It can be applied widely in appli- 
cations where capacitors are employed, for example 
in filters and tuning devices and In applications that 
use time constants, as well as in electronic circuits 
that require fine programmable adjustments in 
capacitance. 



Claims 

ss 1 . A capacitor array for providing a variable capaci- 
tance, having respective switching elements (1 0, 
1 1, 12) for switching each capacitor (20, 21, 22) 
in the array on and off, and means (8) for COntrol- 
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ling switching of the switching elements to switch 
selected ones of the capacitors on, characterised 
in that the control means are arranged to co-oper- 
ate with voltage generation means (7) so as to 
supply to a control electrode of each switching 5 
elementfor switching on a selected said capacitor 
a voltage which causes the impedance provided 
by said switching element to change between 
multiple levels. 

10 

2. A capacitor array according to claim 1 character- 
ised by means (2) for receiving a contra! input and 
for supplying a digital output, in which the least 
significant bit or bits are applied to the voltage 
generation means for selectively determining 15 
said voltage. 

3. A capacitor array according to claim 2 character- 
ised in that the control means are arranged to co- 
operate "with the vGitagayeneratiGn means such 20 
that the impedance of only two of the switching 
elements is changed in response to a change in 

the least significant bit of the digital output 

4. A capacitor array according any of claims 1 to 3 25 
characterised by further voltage generation 
means arranged to co-operate with the control 
means so as to supply to a control electrode of 
each of the switching elements for switching a 
selected said capacitor from on to off a further 30 
voltage which causes the impedance provided by 
said switching element to change between multi- 
ple levels. 

5. A capacitor array according to any preceding 35 
claim characterised in that the switching ele- 
ments, the capacitors and the control means are 
connected to provide similar units, each contain- 
ing a pre-determined number of the switching ele- 
ments, a pre-determined number of the 40 
capacitors and a pre-determined portion of the 
control means. 

6. A capacitor array according to any preceding 
claim characterised by means (91 to 96) for sup- 45 
plying the voltage at the control electrode of each 
switching element for switching on_a selected 
said capacitor to a monitoring pin (MO) for testing 
purposes. 

50 

7. A variable capacitance capacitor having switch- 
ing elements (10, 11, 12) that control the con- 
tinuity of a capacitor group (20, 21 , 22) connected 
to the number one common conductor of one of 

the electrodes and the continuity between the ss 
other capacitor group electrode and the number 
two common conductor, characterised by a 
device (8) that controls the continuity and non- 



continuity of the switching elements and a voltage 
generation device (7) that generates the voltage 
that is supplied to the control electrode of the 
aforementioned continuity switches, which make 
changes at multiple levels in the continuity im- 
pedance of the continuity switching elements 
among the aforementioned switching elements. 

8. A variable capacitance capacitor that is charac- 
terised by having switching elements (10, 11, 12) 
that control a continuity of a capacitor group (20, 
21, 22) connected to the number one common 
conductor of one of the electrodes and the con- 
tinuity between the other capacitor group elec- 
trode and the number two common conductor, 
and a device (8) that controls the continuity of the 
switching elements, and pins by which the output 
signals of the continuity control device are multip- 
lexed and output 
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(3) Variable capacitance capacitor array. 

@ A capacitor array provides a variable capacitance, having FETs as respective switching elements (10, 
11, 12) for switching each capacitor (20, 21, 22) in the array on and off, and means (8) for controlling 
switching of the switching elements to switch selected ones of the capacitors on, characterised in that 
the control means are arranged to co-operate with voltage generation means (7) so as to supply to a 
control electrode of each switching element for switching on a selected said capacitor a voltage which 
causes the impedance provided by said switching element to change between multiple levels. 
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